ABSTRACT: Automatic evaluation of output quality for Machine Translation (MT) systems is a difficult task. The Institute of Computational Linguistics of Peking University has developed an automatic evaluation system. This paper introduces the basic principles of the Machine Translation Evaluation (MTE) system and its implementation techniques, and describes the results achieved.
INTRODUCTION
In China MT ought to make great contributions to social development. Therefore MT was one of the national key projects in the five year period (1986) (1987) (1988) (1989) (1990) . Automatic evaluation of output quality for MT systems is a subtask of the MT project. 1
Automatic evaluation of translation quality for MT can lead to standardization and rapidity of fixed quantity testing. It is of great significance for promoting research in MT and its application. The Institute of Computational Linguistics of Peking University has developed an Automatic Evaluation System for MT called MTE and has thus made the first firm steps in this direction.
EXAMINATION MODEL
In general, there are two types of examination models. One is subjective, the other is objective. The subjective test model is shown in Figure 1 .
The objective test model (multiple choice) is shown in Figure 2 . The examinee makes a choice of one from a number of given answers when he takes part in an objective test such as the TOEFL examinations used to assess language competence. Automatic scoring is easily realized by computer for an objective test. But automatic evaluation of output quality for an MT system is more difficult than a test of monolingual knowledge, because there is more than one acceptable answer. The numerals in the last line above represent the numbers of possible Chinese words corresponding to every English word in the sentence. That is, there are at least 2x3x3x4x3x2x2=864 acceptable translations for this simple English sentence (See section 3 for evaluation approaches to this phenomenon). Despite its drawbacks, the objective test model is useful in shaping our ideas about automatic evaluation for MT output quality. The automatic evaluation model is shown in Figure 3 , An MT system can be regarded as an expert system. The MTE system can also be regarded as an expert system.
BASIC PRINCIPLES OF MTE
1. We will take English-Chinese MT as a concrete example to introduce MTE, though its principles and implementation techniques are independent of specific language-pairs. 2. In accordance with current MT practice, the evaluation of translation quality is made on single sentences. 
TDL: THE KEY TO THE IMPLEMENTATION TECHNIQUE
The key to MTE is how to describe different translations and the marking criterion of the specified test point for an English sentence. To describe these demands, a Test Description Language (TDL) has been designed. TDL is a context-free formal language. We explain the meaning and the usage of TDL with concrete examples. 
I ] This test unit contains 2 test items and 3 non-terminal expansions $A, $B, $C.'R --+'
is the start sign of every test item. Identifier 492 is a code for a test point for a correct sequence of "time words". "," can match an arbitrary character string in the translation. The content in the brackets "[" and "]" is optional, "/" separates alternatives. The non-terminal expansions $A, $B, $C contain all acceptable translations for the English phrase "at six this morning". This is one approach to solving the problem of one-to-many translation. Another one is the dictionary (See Ex.2.). If an MT system gives an output such as Ex. 1. of section 2, then test point 492 can win one point.
All test units like this compose the test file. The test units in the test file and the English sentences in SL and the Chinese sentences in TL must be arranged in a one-to-one corresponding order.
TDL test units are designed to inspect target language (Chinese) strings. However, sometimes it is convenient to introduce explicitly marked (with "&") source language (English) words in the match pattern. In effect, these denote a class of target language translations as determined by MTE system's English-Chinese dictionary, and hence they reduce the need for writing extra non-terminal expansions in the test unit.
Ex.2. There are nine cows on the farm. R ---~(364:1)*& (nine)head& (cow)* R ---+(364:0)* All acceptable Chinese translations of "nine" and "cow" can be found in the English-Chinese dictionary of MTE. The representation with "&" can also be used in random substitution of the specified word in an English sentence with those words of the same type.
Ex.3. His house is on the south bank of the river.
We keep our money in a bank.
R ---* @x ## R ---+* y~n h&ng * (R -+(309:2)@x:* hn ,)
R ---+ * ## y~n : silver hhn 9 : company (old use) y~n h&n9 : bank (for keeping money)
hn : bank (of a river)
There is an evaluation rule for testing multiple meanings of a word in MTE. In Ex.3. the two sentences must be tested jointly. If the two corresponding Chinese words for "bank" in the two English sentences are entirely correct, then the test point 309 wins two points, else test point 309 gets nothing. The sign @ is a variable and @ stores the former translation. Its content is accessed in the later unit.
SYNTAX FORMULAS OF TDL
The main syntax formulas of TDL are written in extended BNF form. ::=, I, {, }, <, > are symbols of the meta-language, not symbols of TDL.
The formula < A >::= < B > is equal to <A>::=<null>l<t3><A>, where 'l' represents 'or' Below "expansion" is equal to "non-terminal expansion". 
STRUCTURE OF MTE
The structure of the MTE system is shown in Figure 4 .
The library is composed of an SL file, a TL file and a test file. At present the test file contains 12,000 records. The TDL interpreter is the kernel of the translation quality test program in MTE. The translation quality test program is coded in PASCAL. The library management program is coded in DBASEIII.
PRACTICE OF AUTOMATIC EVALUATION
MTE has tested the qualities of two sets of translation files. One set was translated by a person whose English level is not very high. The other was translated by an MT system called "TRANSTAR" developed by the China National Software and Technology Service Co. (CS&S). The designer of the "TRANSTAR" system is Professor Dong Zhendong.
The results of testing are listed in Table 2 . 
